objective To identify factors associated with both crude and effective health service coverage of under-fives in rural Burkina Faso.
Introduction
Health service coverage is a concept expressing the extent of interaction between a given service and a target population (i.e. the people for whom it is intended) [1] . During the Millennium Development Goals (MDGs) era, by expanding delivery systems, coverage for child health services increased in low and middle-income countries (LMICs), which contributed to the decline in child mortality [2, 3] . Access to services of poor quality, however, is not enough to achieve the United Nations Sustainable Development Goal (SDG) 3, which seeks 'to ensure healthy lives and promote well-being for all at all ages' [3] . Therefore, the international community recognises the need to move from crude to effective coverage measures as an essential step towards achieving universal health coverage (UHC) [4] . Effective coverage is defined as the fraction of maximum possible health gain an individual with a healthcare need can be expected to receive from the health system [5] . Thus, effective coverage accounts for both service use and quality of services [5] [6] [7] .
Recently, several studies assessed effective coverage of child health services in LMICs and found low levels of effective coverage [8] [9] [10] [11] [12] . For instance, across eight countries with high child mortality (Haiti, Kenya, Malawi, Namibia, Rwanda, Senegal, Tanzania and Uganda), Leslie et al. [9] showed that effective coverage for sick-child care averaged 21%. Another study in Kenya found that despite the increase in effective coverage of maternal and child health services (from 26.7% in 2003 to 50.9% in 2014) effective coverage remained low [10] . In our prior work in Burkina Faso, we estimated effective coverage of under-5-year-old (U5YO) curative services to range from 5.3 to 44.6% depending on the definition of effectiveness used [12] .
While most of the studies on effective coverage aimed to describe levels and at most to determine it or to assess its differences by wealth status [10, 13] , only a few studies have explored determinants of effective coverage of childhood vaccines (i.e. vaccines that confer immunity) [14] [15] [16] . Going beyond determinants of health-seeking behaviour in respect to service utilisation in children [17] [18] [19] [20] [21] , and further understanding the factors that influence effective coverage, which is a comprehensive metric in tracking the service provision dimension of UHC [4] , is essential for local decision-makers and health program implementers.
In this study, we aim to understand factors associated with both crude and effective health service coverage of children. We do so by tracing both demand factors (i.e. individual and household characteristics) and supply factors (i.e. health system characteristics) in our analysis.
Methods

Study settings
This study was conducted in Burkina Faso, a landlocked sub-Saharan African (SSA) country. In 2015, the population was estimated at 18.4 million inhabitants and children below 5 years represented 18% of the population [22] . The under-five mortality rate was 88.5 per 1000 live births in 2015, one of the highest in the world [23] .
In Burkina Faso, the health system has a three level structure (central, intermediate and peripheral). The peripheral level or district level is composed of primary healthcare facilities called 'Centres de sant e et de promotion sociale (CSPS)' which function as the entry point to the health system, and secondary, facilities or district hospitals [24] . Our focus hereby is on the public primary healthcare facilities (CSPS), mainly in rural areas where private facilities are rare and district hospitals generally are too far to reach. At CSPS, there is no medical doctor and the standard staff requirement is one nurse, one midwife or midwife assistant and one outreach health worker called 'Agent itin erant de sant e' (AIS). Only the former two are qualified to perform U5YO consultations, but in reality, all the staff performs. In 2010, only one child in two with common infectious diseases (malaria, diarrhoea, pneumonia) was treated at a health facility [25] . With access to child health services remaining a challenge, to remove financial barriers, the government implemented a user fee exemption program for severe malaria cases amongst U5YO in 2007 [26] and introduced a free healthcare policy in 2016 covering all health service costs for U5YO [27] .
Study design
This study used a cross-sectional facility and household data from a baseline survey of a government-led evaluation of a performance-based financing (PBF) program [28] . This survey was conducted between October 2013 and February 2014, prior to the free healthcare policy, in 24 health districts across six of 13 regions in Burkina Faso. These regions and districts were purposely selected based on their poor maternal and child health indicators.
Of 513 CSPS surveyed we excluded 19 CSPS because they were recently opened (less than 6 months in service) or did not provide primary care services (e.g. at high schools, colleges, garrisons or prisons), resulting in a final sample of 494 CSPS. In addition, a two-stage cluster sampling procedure was used to select households. First, amongst all villages in the catchment area of a given facility, one village was randomly selected. Second, within each selected village, a household qualified to be included in the sampling frame if the household had at least one pregnant woman or a woman who had given birth in the previous 2 years. These households were then listed to constitute the sampling frame from which 15 households were randomly selected. The final sample included 7347 households.
Data collection
Facility data were collected from an inventory conducted by trained interviewers assessing the availability of staff, infrastructure, equipment, drugs, supplies and consumables based on a structured interview with each facility head including cross-checks on the availability of reported items by the interviewer. In addition, U5YO consultations were observed using a structured checklist based on the integrated management of childhood illness (IMCI) standards to assess child health providers' adherence to clinical standards [29] . Moreover, to assess clinical staff knowledge on IMCI standards related to the case management of severely sick U5YO, three vignettes were presented to each child health provider and answers recorded in a checklist. These vignettes represented case management scenarios of severely ill children (i.e. dehydration, fever, respiratory distress).
Data for the household survey were obtained by conducting a structured interview with each U5YO's caregiver. We collected information on demographic and socio-economic characteristics of the household, the caregiver and the child. In addition, we recorded information from the caregiver on any acute illness episodes and resultant care-seeking behaviour during the 4 weeks preceding the survey date.
Outcome variables
Linking data between households and their respective catchment area facility allowed us to define our outcome variables: crude and effective coverage. We defined crude coverage as utilisation conditional on need, i.e. U5YOs reporting an illness episode during the past month who sought care at the nearest facility. We defined effective coverage as utilisation (conditional on need) at a facility that provided care meeting at the minimum threshold quality (i.e. ≥50% of the total facility quality score). Specifically, we assessed quality as a facility-specific score composed of three quality dimensions: (i) Observed management of common childhood diseases; (ii) Theoretical management of severe childhood diseases; and (iii) General service readiness (see Appendix 1). The two outcomes variables are binary variables.
Explanatory variables
The choice of all explanatory variables (Table 1 ) included in our multivariate analysis was based on the revisited Andersen's behavioural model on health service use [30] [31] [32] , which describes how health-seeking behaviour is shaped by a combination of pre-disposing, enabling, need and contextual (i.e. health system and environment) factors. Reflecting aspects of primary health care use and service provision relevant to the Burkina Faso context, we used the following variables as proxies of these concepts and further grouped them into demand-side and supply-side factors.
Demand-side factors. Pre-disposing factors. Demographic characteristics including sex and age of the child patient, education of the mother as main caregiver, as well as the household's dependency ratio (i.e. combined number of children below age 14 and elderly above age 65 per number of household members age . The dependency ratio measures the pressure of productive population. A low ratio means that there were more adults of working age (productive people) who can support the young and the elderly of the population [33] .
Enabling factors. Household socio-economic status as a measure of wealth was computed based on household assets. We used the standard Multiple Component Analysis (MCA) method because of categorical variables included in the wealth index calculation [34] . The assets included for this mainly rural population were: housing characteristics (type of building, number of rooms), water and energy supply, durables (e.g. TV, radio, fridge etc.), Continuous variable †We used this cut-off as it corresponds to the staff requirement standards (at least one nurse out of the three clinical staff) in Burkina Faso. ‡We grouped the consultation length into tertiles to better capture the non-linear relationship of this variable and each outcome variable.
land ownership and animals. We split the wealth index into five quintiles. Distance to the nearest primary care facility reflecting service accessibility was measured as straight-line distance using GPS coordinates.
Need factors. Reflecting the perceived severity of a child's illness, we used the number of symptoms reported by the child's caretaker.
Supply-side factors. Health system variables. Reflecting provider availability and skill mix, we included the nurse to clinical staff ratio for each primary care facility. Frequency of supportive supervision visits at health facility was used to reflect facilities quality management efforts, U5YO caseload (i.e. total number U5YO patients per clinical staff during the month prior to the survey) was used to reflect service crowdedness, and consultation length in minutes grouped into tertiles. These supply-side factors could explain the variation in quality of care (QoC) at health facilities and hence effective coverage.
Analytical approach
First, we carried out a descriptive analysis identifying bivariate associations between each of the explanatory variables and the two outcome variables. Second, we conducted a multivariate analysis applied in two sequential logistic random effects models to identify distinctly the factors associated with crude coverage from those associated with effective coverage.
Using the sample of all children in need (i.e. reported an illness episode) we defined the first model to estimate the factors associated with the probability of seeking care at health facility (crude coverage). For the second model, we only used the truncated sample of sick children who sought care at any health facility, to estimate the factors associated with the probability of seeking care at a facility that provided at least the minimum threshold of QoC (effective coverage).
Accounting for the clustering at district level we applied random effects in both models mentioned above. We initially intended to account for clustering at the facility level, but faced a problem with convergence of the resulting model as the number of individuals observed per facility cluster was too small (on average two observations per cluster and often only one observation per cluster) [35] . Therefore, we opted for clustering at the district level. Given the low number of district clusters (n = 24), we conducted 'wild bootstrapping' to obtain cluster-robust standard errors [36] [37] [38] . Data were analysed using Stata 14 (Stata Corporation, TX, USA).
Ethics
This study obtained clearance from both the Burkina Faso National Ethics Committee (protocol number 2013-7-06) and the Ethics Committee of the Medical Faculty at Heidelberg University (protocol number S-272/2013). For this study, a written informed consent was obtained from all study participants (i.e. health workers, patients, caregivers).
Results
The response rate was 100% for the facility survey and 99.15% for the household survey (63 out of the 7410 households total were not surveyed). Of the total of 12 497 U5YO across the 494 CSPS surveyed, 614 (4.9%) reported an illness episode during the 4 weeks prior to the survey date. Of these children, 427 (69.5%) received care across 251 (50.8%) of the surveyed CSPS facilities. From those who used care at any health facility, 274 (64.1%) used services provided by a facility meeting at least the minimum threshold of quality. Table 2 shows the distribution of characteristics of crude coverage (i.e. service use for the U5YO with reported illness) together with the characteristics of effective coverage (i.e. U5YO receiving effective care for the subsample of U5YO who used services).
Results of the bivariate analysis for each variable show that amongst children with a reported illness, those using care were more likely to be young, to live in wealthier households and to report more than one illness-related symptom, a proxy of disease severity. These children were also more likely to live in a catchment area of facility with a nurse to clinical staff ratio ≥1/3.
Children who received care at facility meeting at least the minimum threshold of quality were more likely to live in household with a low dependency ratio. In addition, they were more likely to seek care at a facility with low U5YO patient caseload per staff and at a facility with less than three supervision visits within the last 3 months prior to the survey. Table 3 presents the results of the multivariate models testing the association of selected variables with crude and effective coverage. The results of Model 1 indicate that among demand-side factors, younger age having at least two or more illness symptoms, lower distance between household and health facility and being from the least poor household were positively associated with a sick child's likelihood to use a health service (crude coverage). Amongst supply-side factors, only the nearest health facility with a nurse to clinical staff ratio ≥1/3 was positively associated with a sick child's likelihood of crude coverage.
The results of Model 2 indicate that none of the demand-side factors, but all examined supply-side factors were associated with a sick child's likelihood of receiving quality services when using care for an illness (effective coverage). The nearest facility with both a nurse to clinical staff ratio ≥1/3, with a lower U5YO patient caseload and a longer consultation length, had strongest positive associations, while three and more facility supervisions visits within the 3 months interval had a negative association with effective coverage.
Discussion
This study makes a substantial contribution to the literature on effective coverage, by moving beyond the mere estimation of effective coverage level to look more specifically at which demand-side and supply-side factors in the SSA context drive children's likelihood to be or not to be effectively covered when suffering from an acute illness episode. A core finding is that the availability of nurses (as opposed to other clinical staff) was positively associated with both crude and effective coverage. Effective coverage was positively associated with a low U5YO caseload and negatively associated with supportive supervision of health facilities. Several elements could explain why the nurse to clinical staff ratio at primary healthcare facilities was positively associated with both crude and effective coverage of child health services. In Burkina Faso, nurses who are trained (for 2-3 years) longer than other health workers of primary healthcare centres such as AIS, are better qualified for under-five consultations [39] . They are also more likely to be trained to IMCI guidelines. For these reasons, nurses are more likely than other staff to provide high QoC during U5YO consultations at CSPS facilities. Our explanations relied on many studies, which found that providers' performance is influenced by their knowledge and their skills [40] and demonstrated the effectiveness of IMCI guidelines on health workers performance [41, 42] . Thus, the total number of nurses affects QoC and hence effective coverage. Furthermore, the presence of nurses, as showed in this study, could also have pushed patients to seek care at health facility because they perceived that they will receive not only care but also good quality of care. The perception of QoC (e.g. patient satisfaction) is an important determinant of demand for healthcare [43, 44] . Therefore, health service availability related to facility staff (provider type, training, or gender) and the interaction between provider and patient (provider attitude) can contribute to better QoC and hence influence utilisation of health services [43, [45] [46] [47] .
Furthermore, the positive association between longer consultation length and effective coverage is an interesting finding. Many studies widely recognise that longer consultation lengths are beneficial to the care received by a patient [48, 49] . Shorter consultation durations were found to also reduce the range of services provided [50] . In our study, longer exposure between provider and patient might have provided more opportunities to health workers to follow and more accurately apply routine guidelines (e.g. IMCI), but also to counsel patients more specifically. For instance, Rowe et al. [51] showed an association between correct treatment and longer consultations of ill children in low-income setting. Hence, longer consultation length allowing health professionals sufficient time to enable better performance, which further improves overall quality of care.
Furthermore, the positive association between low caseload and effective coverage could be explained by reduced time pressure during consultations and the overall reduction of health workers' workload, which contributes to improved health workers' performance. When there are fewer patients, pressure on health workers to perform quick consultations is less likely than in facilities with high caseloads [52] . However, some studies did not find any association between caseload and health workers' performance [52, 53] . For instance, in Tanzania Maestad et al. did not find an association between caseload and the level of effort providers invest per patient case (defined as all actions taken by the clinician to improve the quality of the diagnostic process). They conducted this study in areas with a lower demand for health services and or higher number of health professionals. In contrast, a qualitative study in Tanzania carried out in other regions of the country found a negative association between caseload and health worker performance [54] . In that study, Lindkvist et al. showed that health workers underperformed because of their perception of being overworked by the high numbers of patients. They explained that when there were many patients during consultations health workers were more likely to rush because other patients would complain if they spent a long time with each patient. This perception of being †Bootstrapped robust standard errors (SE)clustered at district level. *P < 0.05, **P < 0.01, ***P < 0.001. overworked resulting in poor performance could be solved by a better health facility organisation through appointment systems for instance [52] .
Supervision aims to provide support to health workers for using their knowledge and increase their motivation [55, 56] . As part of overall quality management at a health facility, supervision is expected to improve health workers' performance and QoC [56] . Our study found an unexpected inverse association between the frequency of supervisions and effective coverage. This finding is not aligned with prior evidence from low-income settings. Rowe et al. [51] found that supervision was not significantly associated with correct treatment of ill children in Central African Republic. While Leslie et al. [55] in low-income settings found that supervision did not meaningfully improve QoC of sick children. The paradoxical association between the low frequency of supervision visits and effective coverage revealed in our study might be explained by the fact that weak facilities (i.e. facilities that badly performed) would have been more likely to receive more supervision visits than those performing well. Further research is needed for a better understanding of this association between supportive supervision and effective coverage.
Recently, the government of Burkina Faso has implemented a free healthcare policy to increase under-five service utilisation. Although this policy is important, there is still room to improve the current policy focusing in regards to equity aspects. For instance, our study found an association between distance to care or socio-economic status and crude coverage. Despite the free care policy and the efforts of the government to bring health facilities closer to population, people living in remotes areas, particularly the poorest, are still struggling to reach health facilities [57] , facing additional indirect costs such as transportation. Additional innovative approaches such as using ambulance systems, medical buses or demandside vouchers [57, 58] could be further explored as a remedy overcoming these inequities in the Burkina Faso context. Furthermore, to simultaneously improve both crude and effective coverage, health policies, such as health worker incentive programmes, should further concentrate on increasing the availability of nurses at primary healthcare facilities.
Methodological considerations
Our study faces some methodological limitations related to the definition of one of our outcome variables. For crude coverage, we considered that all children reporting an illness episode were necessarily in need of any health services. This may lead the reader to think that our analysis overestimates coverage due to a tendency to overreport illness. The reality in SSA, however, is rather the opposite, with generally a very low illness reporting across settings due to poor levels of health knowledge and education and/or cultural norms and values [59] [60] [61] [62] . In our specific case, for instance, caregivers reported an illness only for 5% of all children included in the survey. Low levels of illness reporting suggest that our estimates are downward biased, while more children might have been in need of care than what accounted for by our analysis. In addition, when estimating service use, we assumed every sick child to be taken to the nearest CSPS. Our estimates would understate true effective coverage if a substantial number of caretakers bypassed low-quality facilities for a more distant, higher quality facility. However, our assumption relied on the literature on primary healthcare utilisation in SSA [63, 64] . We also acknowledge another limitation due to the contingency of the dataset. We only have limited health system factors, hence we could not explain as much variation as we would have liked. Finally, although the three quality dimensions were comprehensive to measure the QoC, the threshold used to define facilities with high quality might have a limitation on the categorisation of facilities.
Conclusion
In the SDG era, while identifying crude coverage determinants is important, understanding those related to effective coverage is essential. This study found that predisposing and need factors (age, illness severity) and enabling factors (lower distance and wealthier SES) as strong predictors of crude coverage. Moreover, the positive association between the availability of adequate clinical staff and both crude as well as effective coverage implies that in the context of scarcity of resources, investing in qualified human workforce should be one of the priorities for decision-makers. Making available qualified and well-trained staff (e.g. nurses) at primary healthcare facilities will not only contribute to improving QoC but could also push populations to use health services. However, further research should help to deeply understand the relationship between the other demand-side and supply-side factors and effective coverage. 
Appendix 1
The methodology of the calculation of our quality score
Based on the quality of care elements outlined in the Donabedian framework [65] and the indices developed by Gouws et al.
[66] for the assessment of the quality of child health care in particular, we defined a facility or service specific score composed of three quality dimensions:
Observed management of common childhood diseases (MCCD). This dimension reflects the validated indices 1 and 2 (Integrated child assessment based on integrated management of childhood illness (IMCI) guidelines and facility readiness to deliver IMCI) developed by Gouws et al.
Theoretical management of severe childhood diseases (MSCD) is based on provider knowledge on appropriate first-line management processes of (i) severe dehydration in a 2-year-old (five process indicators), (ii) breathing difficulties in a 1-year-old (three process indicators), and (iii) lethargy in a newborn (three process indicators) assessed by the three vignettes. This dimension reflects indices 3 and 4 (capacity to manage severe illness using vignettes and capacity to manage severe illness given availability of essential drugs) developed by Gouws et al.
General service readiness is based on five structural indicators by the facility inventory. This dimension reflects structural elements relevant to essential facility infrastructure based on the Donabedian framework.
Composite score computation included the following steps. First, each indicator measuring an inputs or structural item was assigned a value of one if at least one unit of the observed item was available and functional at a given facility, otherwise zero. Second, to account for the process elements measured by multiple case observations and health worker vignettes conducted per facility, we averaged findings from multiple cases or observations per each facility and time point into a single facility-specific process measure. We then assigned a value of one when the resulting average value was 0.5 or larger, and zero if not. For quality measures where process indicators could be linked to input indicators, we assigned a value of one only when both indicators were met, otherwise zero. Table A1 provides an overview of the three quality dimensions and the respective process, input and structural indicators. Observed management of common childhood diseases (MCCD) 1.
Provider asks for at least two general danger signs NA 2.
Provider asks for presence of fever NA 3.
Provider asks for presence of cough NA 4.
Provider asks for presence of diarrhoea NA 5.
Provider asks for presence of ear problem NA 6.
Provider checks child's weight Functional scale available 7.
Provider checks child's temperature Functional thermometer available 8.
Provider checks for signs of anaemia (conjunctives, palms) NA 9.
Provider checks child's current vaccination status NA Theoretical management of severe childhood diseases (MSCD) 10. Provider immediately starts rehydration (either with intravenous fluid or via nasogastric tube)
Isotonic fluid (Ringer lactate or normal saline) or oral rehydration salt and nasogastric tube in stock 11. Provider administers a dose of paracetamol to lower fever Paracetamol suppository in stock 12. Provider recognises likely viral origin of illness and holds the administers of any antibiotic treatment until further re-evaluation NA 13. Provider holds antimalarial treatment until parasitemia is confirmed Malaria testing supplies in stock 14. Provider keeps patient at health facility for further observation and reassessments For each of the three quality dimensions, facilities were then grouped into one of two categories of performance quality (high and low) based on the criteria shown in Table A2 . MCCD, management of common childhood diseases; MSCD, management of severe childhood diseases. †Maximum possible score = 9. ‡Maximum possible score = 11. §Maximum possible score = 5. Table A3 describes the different characteristics of surveyed primary level health facilities. This includes the overall supply-side variables and the facility quality scores. 
NA
